INTRODUCTION
A certain kind of thermal-resistant plastics such as polyamide and polyester have been used widely among various industries or houses because of those excellent thermal stability, desirable combination of plasticity, lubricity and chemical inertness. When these plastics are used under crucial circumstances, particulary under a high temperature beyond these heat-proof limits for many hours or at incinerations of used plastics, dangerous gases and other substances are suspected to be produced. It is a vital subject for occupational health care and administration to analyze the degradation products, identify the influence upon the human body and establish adequate preventive measures. As a matter of fact, because of the properties of visibility and cleanness these plastic films are often used as wrapping materials of meat including poultry for oven cooking at heat-resistant limit temperature in many houses recently, so that the above-mentioned purpose of the research also has a significance related to health care in the housekeepings.
Many investigations about the toxicity of pyrolysis products of plastics have been reported. investigated and found that most deaths were due to carbon monoxide. Zapp2) studied the inhalation toxicity of pyrolysis products of polyurethane foam. Experimental animals revealed pulmonary congestion and edema after the exposure period. Coleman et al. 3 ) observed particulate matter which was produced by pyrolysis of fluorinecontained thermal-resistant polymer fume fever. On the other hand, Okamura4) stated that the major lethal factor derived from hydrofluoric acid in the case of thermal decomposition of tetrafluoroethylene. Kono5) and Yoshida et al. 6 ) pointed out that hydrofluoric acid was also the main toxic product in pyrolysis of fluorocarbon elastmer and polycarbon monofluoride.
Little investigation dealing with the toxicity of the pyrolysis products of polyamide and a few investigations about that of polyester have been described. Macfarland and Leong7) obserbed that the slowly developing pulmonary edema caused death of animals exposed to pyrolysis gases of Nylon products.
In this report, we made an extensive studies that include toxicological investigations of decomposition products of polyamide and polyester analyzing the principal toxic factors in order to establish the industrial and environmental safety standards.
The same analytical methods that we studied in case of the toxicity of pyrolysic products of fluorocarbon elastmer and polycarbon monofluoride have been used to compare the toxicity in the same level. sterilization in Japan and England were analyzed by means of infrared spectrophotography. Two materials were determined, one was polyamide (Nylon 6 and Nylon 6-6), the other was polyester (polyethylene terephthalate).
These two kinds of plastics were thermally decomposed in a stream of air at the compyrolysis apparatus employed consisted of an 18-8 stainless steel vessel of 2.18 litre capacity, fitted with a removable lid on which inlet and outlet ports were set. The weighed sample was placed into the vessel. The bottom temperature of the vessel at pyrolysis experiments was thermo-electrically controlled by using the recording potentiometer (Yokogawa Recording Potentiometer M60) with a relay box and a solenoid valve to control the fuel gas. The air was introduced into the pyrolysis vessel at the rate of 2.5litre/min. through a gas meter. The pyrolysis gases from the outlet port were collected into a polyethylene gas bag and analyzed by a gas detector tube, gas chromatograph and GC mass spectrograph, and then used for the animal exposure tests.
The Drager gas tube detector was utilized for preliminary analysis of main pyrolytic gases. Gaschromatographic analysis was performed with the Shimadzu Model GC-5A gas chromatograph using a flame ionization detector or a thermal conductivity detector. Analytical columns were 1.5 metre length of stainless steel tubings which were packed with 50/80mesh Porapak Q or Molecular Siebe 13X. Nitrogen and helium were used as a carrier gas at a was 3-9kV.
The grease-like substance resulting from pyrolyzed polyamide and the white powder components from that of polyethylene terephthalate were collected on the electric dust sampler (Shibata Model SK-E 100). These components were analysed by the element analysis using the CHN corder (Yanagimoto Model MT2) and infrared spectrophotograph (Hitachi Model P1-S2). An acryl gas chamber of 1.5 litre capacity was used for the animal exposure tests. Three adult male mice of the dd-N strain weighing 17-20g were employed in each trial. The same exposure test was tried three times with an identical condition. One hour exposure period was chosen for all trails, and a 7-day observation after the exposure was utilized to determine the ALC values. Figure 2 shows the arrangement of gas exposure technique.
At autopsy, the mice were anesthetized with ethyl ether, and the blood was taken by heart puncture for the determination of carboxyhemoglobin level (CO-Hb), and other blood studies. The Shimadzu blood gas sampler (BGS-1A), in which carbon monoxide was dissociated from CO-Hb with van-Slike reagents and directly transferred into the gas chromatograph, was used to measure of CO-Hb in the blood of the experimental animals. Tissues were fixed in 10% formaldehyde and stained with hematoxilin and eosin for histopathological observations.
RESULTS
In the case of thermal decomposition of polyamide (Nylon 6 and Nylon 6-6) in air below ponents which charred on further heating were produced and adhered to the inside wall of the vessel, outlet port and plastic bag. Figure 3 It is assumed that the missing 13.45% composition is oxygen because the pyrolysis occurred in the air. Table  also shows the element analysis of the white powder component and that of pure polyester. Infrared spectra presented in Figure 6 were obtained from the pyrolysis residue which had been pelletized into a thin film in the KBr die, a thin film of pure polyamide and one of polyester. In Figure 6 , the region between 3600cm-1 and 2500cm-1 displays very broad absorption. This could be due to the bonded OH stretching absorption. The band of frequencies in the region of 1700cm-1 is attributed to carbonyl (C=O) absorption and the band at 1275cm-1 indicates the presence of CO2, respectively.
The intensity of band at 730cm-1 strongly sugFrom the element analyses and the infrared spectra of these two pyrolysis residue and pure original plastics, they have very similar composition but the pyrolysis lead to deterioration in degree of the polymerization.
The approximate lethal concentration (ALC) in a one-week observation of the mice produced by a single one hour exposure to the pyrolysis gases was 30.5g of polyester per 1000 litre of air and 79.6g of polyamide. The main contents of these gases were 2700ppm of CO, 700ppm of ammonia and a small amount of hydrocarbon such as propylene in the pyrolysis of polyamide and 3000ppm of CO, 1000ppm of acetaldehyde and a small quantity of benzene in the pyrolysis of polyester.
With experimental animals during one hour exposure, dyspnea and jumping action appeared in early stage, and then rapid breathing and loss of co-ordination occurred in ten to fifteen minutes. These symptoms occurred early and strongly related to the concentrations of the pyrolysis gases.
The body weight of mice exposed to the gases of the ALC range decreased slightly in twenty-four to fourty-eight hours. Half of the animals died mainly in this period, but some of them had died within one hour exposure period. All animals died in the exposure test when 53.6g of polyester per 1000 litre of air and 134.0g of polyamide were pyrolyzed.
In the blood pictures, using Coutler Counter Analyzer Type ZB-1, no specific changes were observed in the number of erythrocyte and leucocyte and hemoglobin, hematocrit and The content of CO-Hb in blood was calibrated from the saturated CO-Hb obtained by the passing of pure CO gas through the blood for about five minutes. The higher level of CO-Hb in blood which was above fifty five per cent was proved from the exposed mice, and the animals died during a single one hour exposure period. Figure  7 shows the dissociation curve of CO-Hb level in the blood after exposure to polyamide pyrolytic gases of the ALC, which contained 2700ppm of carbon monoxide.
In two hours after exposure the content of CO-Hb of blood recovered to almost normal level. In this report, apart from the strict physical properties of plastics, it was taken that such analytical and exposure method as the cases of the toxicological investigations of pyrolysis products of fluorocarbon elastmer5) and polycarbon monofluoride6) which were conducted by the authors. It was possible to compare the toxicity with other plastics at a same level in the oxydizing atmosphere which was more practical. Macfarland and Leong7) stated that the deaths of animals exposed to pyrolysis gases of Nylon products were due to the slowly developing pulmonary edema, but they did not clarify the detailed degradation nature of the products and the lethal factors.
The gaschromatographic analysis of pyrolysis products of polyamide and polyester showed that the major toxic component was carbon monoxide with minor existence of other compounds such as hydrocarbons.
The single ALC of carbon monoxide in a one-hour exposure is 1200 to 4000ppm13), that of ammonia is 2.500 to 5000ppm and benzene is 3000 to 7500ppm. The concentration of carbon monoxide in the pyrolysis gases at the range of ALC was 2700ppm of polyamide and 3000ppm of polyester. Other components such as ammonia, acetaldehyde and benzene resulted in lesser amounts than the lethal concentration coefficient. As the signs in the experimental animals exposed to the gases in the ALC, dyspnea, jumping action and rapid breathing pattern were observed in early stage, and then slowed respiration, loss of co-ordination and loss of righting reflex followed. These syndrome can be observed distinctly in case of exposure to a single carbon monoxide. These results presumably indicate that the major cause of deaths by two kinds of plastics depends on the presence of relatively large amounts of carbon monoxide in the pyrolysis gases.
This assumption could be confirmed by CO-Hb in the animals dying during the exposure period. Carboxyhemoglobin level in these animals exposed to the pyrolyzate in the ALC proved to be more than 55per cent.
The blood CO-Hb levels correlated well with the concentrations of carbon monoxide in the pyrolysis gases and the amounts of pyrolyzed plastics. The gaschromatographic method14) for the determination of blood CO-Hb in this study was effective for a small amount of blood samples and could assure the cause of death definitely.
The GC mass spectrometer has been of great value in analyzing the composition and structure of mixtured materials such as that found in pyrolysis gases of plastics. For example, octafluoroisobuthylene15) (C4F8, M/e 200) which is generated during the pyrolysis of polyfluoroethylenepropylene and has severe toxicity to the body, and octafluorocyclobutane16) (C4F8, M/e 200) which has no harmful effects under any biological conditions are distinguished precisely with GC mass spectrography17) Since Harris18) described polymer fume fever, the particulate products from the pyrolysis of plastics is the subject of interest among many investigators in environmental and occupational health because of those particular influenza-like symptoms. The particulate matters resulting from pyrolyzed polyamide and polyester had a diameter of approximately over if these particles are inhaled into the body, on account of its size, the particulate matter will be rejected directly from the respiratory tract without invading into the alveoli and causing harmful influences. Therefore, it was considered that the grease-like substance and white powder component resulting from pyrolysis of two kinds of the plastics did not have any critical effects on the body.
From the results obtained, it should be said that the main lethal factor of pyrolysis products of polyamide and polyester could be that carbon monoxide and other components were less toxic in the period of the acute exposure. As yet, relating the phenomena of the animals after exposure, because of the slowly developing pulmonary edema and reduction in the body weight etc., it is considered that the other components had some extent of toxicity and might be a second cause of death in this stage. Therefore, attention has to be paid to this point of view for care of the actual cases of poisoning. It may therefore be indicated that the necessity of the use of protective devices against the toxic gases and effective exhaust system are essential where these plastics are used under a high temperature, and continual measures and administration from the medical standpoint are also indispendsable.
SUMMARY
Polyamide and polyester have been used widely because of those excellent thermal stability and chemical inertness. When these plastics are utilized under a high temperature beyond those heat-proof limits for long hours, toxic products are suspected to be generated. It is of importance to study the mechanism of the toxicity of pyrolysis products in order to establish a safety standard.
Having pyrolyzed these plastics, the authors analyzed those components with gas chromatography, GC mass spectrography, infrared spectrography and gas detector tube method, and examined the principal lethal factors by means of the biological exposure technique.
The gaseous products, yielded on pyrolyzing processes of those polymers, mainly consisted of carbon dioxide, carbon monoxide and hydrocarbons such as methane, ethylene, propylene and benzene. The concentration of carbon monoxide in the pyrolyzate was estimated at a dominant amount. On the contrary, those of hydrocarbons and ketons were lesser amounts than the lethal factors.
The approximate lethal concentration (ALC) value in a 7-day observation of mice exposed one hour to pyrolysis gases of polyamide in air showed 79.6g per 1000 litre of air and 30.5g of polyester.
More than 55% of blood CO-Hb level was confirmed from the animals which died during a single one-hour exposure period at the range of ALC, so that carbon monoxide proved to be the principal lethal factor and other components were less toxic in the exposure period.
The particulate matters resulting from pyrolyzed polyamide and polyester had a diameter are inhaled into the body, the particles will be rejected directly from the respiratory tract without harmful influences. Based on this study the authors could draw the conclusion that the exposure of the pyrolysis products of polyamide and polyester produced a toxic syndrome mainly caused by the effects of carbon monoxide in the acute stage. Futhermore, attention has to be paid following pulmonary edema in the actual cases. A part of this study was presented at 47th Annual Meeting of the Japanese Society for Hygiene held in Tokyo, April, 1977. 
